The course and clinical signs of Cockayne's syndrome are distinctive (Cockayne, 1936 (Cockayne, , 1946 Neill and Dingwall, 1950; Macdonald, Fitch, and Lewis, 1960; Wilkins, 1965; Moossy, 1967) . After initial seemingly normal progress the children begin slowly to regress mentally and physically during the second or third year of life. Microcephaly becomes manifest and they remain dwarfed, having disproportionately long limbs and large hands and feet. The skin of the face is wrinkled, suggesting progeria. It may be pigmented and show scars from solar burns. The eyes are deeply sunken, the nose and chin are often prominent, and the ears large. There is loss of subcutaneous fat in the face. Hearing and sight gradually deteriorate. The eyes show optic atrophy and retinal degeneration of the 'pepper and salt' type. The patients become ataxic and may show a 'tottering' gait, athetoid movements, and coarse intention-type tremor. Ankylosis with flexion deformities and kyphosis may set in and the patients are ultimately bed-or chair-ridden. Radiography may show thickened skull bones and scattered cerebral calcification. Bone age remains within normal limits but there may be evidence of osteoporosis.
All laboratory tests, and these have been numerous in some of the published cases, have yielded no significant information. In a recently described case Fujimoto, Greene, and Seegmiller (1969) observed hyperlipoproteinaemia, hyperinsulinaemia, and renal insufficiency with acidosis.
Although only about a dozen cases have so far been published, at least as recognized instances of the syndrome, a significant proportion were familial (Cockayne, 1936; Neill and Dingwall, 1950; Macdonald et al., 1960; Paddison, Moossy, Derbes, and Kloepfer, 1963) .
The morphological findings have been described fully in only one case recognized as Cockayne's syndrome (Moossy, 1967) and another doubtful one (Beyme, 1946) ,' but other, indirect, evidence indicates that these changes may be as characteristic as the clinical features. They can be referred to briefly as calcifying vasopathy of the brain. The brains of the two cases reported by Neill and Dingwall were later examined by Dr. R. M. Norman, who indicates that they also showed calcifying vasopathy (Norman and Tingey, 1966) . One of us (L.C.) has had an opportunity to examine the histological sections of one of the Australian cases reported by Macdonald et al. (1960) . These showed similar calcifying vasopathy but the vascular changes were associated with degeneration of the cerebral cortex indistinguishable from that in Alpers's disease. Lastly, radiography of the head of some of the other patients has confirmed the presence of calcification, at least after a certain age. Neuropathological changes include microencephaly, which may be gross-for example, the brain weighed 460 g in a woman aged 31 described by Moossy (1967 Other pathological findings are inconstant. The histological changes in the skin of the patients and their relation to those in xerodermic idiocy, Hartnup disease, and porphyria have been discussed by Paddison et al. (1963) .
Study of the following exemplar of this, apparently rare, syndrome offered an opportunity to verify earlier accounts of the clinical features and the pathological description of this condition.
CASE REPORT
The family history of this patient is free from significant mental or neurological disease and two younger siblings are normal. The father was diabetic and an aunt suffered from chorea. The mother was 20 years old at the patient's birth. The pregnancy was normal but the confinement was somewhat prolonged. At birth the infant weighed 2-9 kg.
Development during the first 2 years of life seems to have been normal; the patient sat up by 6 months, walked by 12, and talked a little by 21 years, when she was also clean in her habits but for occasional nocturnal enuresis. However, she did not grow well and at 3 years her speech was still imperfect, so that backwardness was suspected.
At about 3i years the mother noticed no reaction when a tray of crockery was accidentally dropped in the child's presence. Thereupon she was found to have impaired hearing and after investigation was placed in a residential school for the deaf. There she was regarded as being mentally backward, although she acquired a modicum of reading and writing. Menarche took place at 13 years but periods were always somewhat irregular. She suffered from light sensitivity and even short exposure to sunlight readily provoked erythema and blistering of the skin so that her open air and seaside outings were discontinued. Retinoscopy showed a 'peculiar granular pigmented appearance of both fundi'. She had gross bilateral perceptive deafness. Her mental level seemed that of a 7 year old child. At the age of 16 she returned home and was extensively investigated at the Manchester Royal Infirmary (Dr. D. Longson).
On examination she was a very small, old-looking girl. The eyes were sunken and vision poor. Breasts were formed and nipples were large. Pubic hair was present.
Her height was 115 cm; vertex to pubis 52 5 cm and pubis to floor 62-5 cm (Fig. 1) .
Investigations included urine ketosteroids and ketogenic steroids; gonadotrophins were low-3 mouse units per day. Radiographs showed normal epiphyseal development for age. No change was seen in the sella or elsewhere in the skull (sic). The urine volume was normal. Fasting blood sugar was 110 mg/ 100 ml. Glucose tolerance test was normal. Blood urea was 28 mg/100 ml. Water diuresis was normal. Urinary amino acids were normal with a suggestion of an excess of cystine. The electrocardiogram was normal. Buccal smears were chromatin positive. The chromosome count was also normal.
After discharge she gradually developed behaviour disturbance associated with delusions of persecution, visual and auditory hallucinations, and she would strike out, screaming and covering her ears. Because of the detrimental effect that this was having on the parents she was admitted at 21 The main arteries at the base of the brain were somewhat rigid but showed only minimal atheroma. The optic nerves and chiasma were small; all other cranial nerves were normal. The brain-stem was reduced in size and indurated. The cerebellum was also considerably smaller than normal, indurated and flattened from above downward (Fig. 2) . The whole ventricular system was dilated and the ependyma studded with fine ependymal granulations. The corpus callosum was thin and uneven in thickness. The cerebral white matter showed bluish discolouration in the lateral part of the centrum semiovale. Some parts of the white matter were unduly soft and a gritty sensation was palpable over some areas. The putamen and ventrolateral thalamic nucleus and the white matter of the cerebellum showed similar grittiness and rarefaction. The outlines of the dentate nucleus were blurred but the cerebellar folia showed no naked-eye change.
Blocks from all levels of the central nervous system
The brain is small and shows particularly atrophy and flattening of the cerebellum.
were embedded in paraffin and in celloidin. Sections of the celloidin-embedded material were stained with cresyl violet, HVG, by the Holzer method for fibrous glia, and the Heidenhain method for myelin. Sections of the paraffin-embedded material were stained with haematoxylin and eosin, PAS, HVG, and by the von Kossa method for calcium, Perls' method for iron, and the Glees and Marsland method for axis cylinders. Frozen sections were used for fat staining and silver impregnation techniques. The most striking change was deposition of globules of PAS-positive hyaline material within and upon the outer surface of capillaries. The globules ranged in size from about 1 to 20 ,u. The smaller ones were discrete while the larger ones, some of which were laminated, tended to coalesce, converting the wall of the vessel into a rough nodular sheath (Fig. 3) . Many of the globules and the larger sheaths were fully calcified giving a strongly positive reaction for calcium by the von Kossa method. Some otherwise non-calcified globules presented calcification in their centres. Many of these calcified structures gave also a positive Prussian blue reaction for iron though this was often obscured by counterstain, becoming more obvious when counterstaining was omitted. Some of the capillary lumina were completely obliterated and these, when cut transversely, appeared as extracellular particles of calcium.
Many of the larger vessels, chiefly arterioles, were also abnormal, showing thickening and impregnation of their walls by the hyaline, partly or fully calcified, material. The calcification, if partial, involved the adventitia and outer part of the media, but some vessel walls were, as mentioned, completely calcified. Mural turgidity ranged up to complete vascular occlusion. Some arterioles showed in addition intimal proliferation which, if present, added to the reduction of the lumina.
The above vasopathy was widespread in the cerebral white matter and basal ganglia. It was also present focally in the cerebral cortex affecting all its laminae but particularly the deeper ones. The 'troughs' of the gyri were 174~~~~~~~~L . Crome generally more often involved than their 'crowns'. Some of these cortical lesions were seen in each of the sections examined but no attempt was made to determine by comprehensive study the relative involvement of different parts of the cerebral cortex. All parts of the cerebral white matter showed more vasopathy than the cortex, while the basal ganglia, except the dorsomedial nucleus of the thalamus, which was relatively spared, showed the greatest involvement.
A few of the abnormal blood vessels were surrounded by hyperplastic and enlarged microglial cells. In most areas affected by the vasopathy structural integrity of the tissue was retained, but in some parts of the white matter and deeper cortical laminae there were also small foci of recent softening surrounded peripherally by a marginal zone of microglial overgrowth (Fig. 4) of the brain and subarachnoid space showed only minimal and doubtful thickening but a few presented proliferation of the intima. The soft meninges contained a slight excess of collagen. Cortical areas affected by the vasopathy showed some neuronal loss with occasional astrocytic overgrowth. There was similar neuronal depletion in the affected parts of the basal ganglia. Senile plaques and Alzheimer neurofibrillary tangles were searched for but not found.
All the white matter of the cerebral hemispheres showed uneven staining and pallor of myelin, while areas severely involved in the vasopathy were virtually devoid of myelin and of axis cylinders. Myelin was better preserved in the internal capsule and the external sagittal stratum of the occipital lobe (Fig. 5) .
The cerebellum presented the same kind of vasopathy as the cerebrum, its white matter being more heavily involved than the cortex (Fig. 6) . Its molecular cortical layer was almost entirely unaffected. There was also considerable atrophy of the granular layer and focal loss of Purkinje cells. The brain-stem and spinal cord showed almost no vasopathy, but scattered throughout these formations were small foci of glial overgrowth, while the zona reticularis of the substantia nigra showed considerable diffuse fibrous gliosis. The white matter of the brain-stem and spinal cord showed pallor of myelin staining which was accentuated focally in many areas. The pyramids and lateral columns of the spinal cord were almost wholly devoid of myelin. The medial and lateral leminisci showed better myelin staining than the other long tracts. DISCUSSION TERMINOLOGY The pathological changes in the present case are strikingly similar to those described by Beyme (1946) (Fahr, 1930 Wilkins (1965) . The cases of Paddison et al. (1963) and of Cockayne (1946) showed no signs of infantilism.
The relation of some other cases of micrencephaly and calcifying vasopathy to Cockayne's syndrome is more tenuous and it seems debatable whether it is useful to regard them as atypical instances of the syndrome. This applies, for example, to the case reported by Norman and Tingey (1966) . Their patient was microcephalic, progeric, and paretic and suffered also from tremor, epilepsy, contractures, and infantilism. Unlike Cockayne's cases, his fundi were normal and the hearing unimpaired. Pathologically calcifying vasopathy was mild and confined to parts of the basal ganglia. The white matter showed patchy unevenness of myelin staining and loss of myelin which the authors interpreted as leucodystrophy. The two cases described by Jervis (1954) were microcephalic and showed calcifying vasopathy with patchy loss of myelin. Case 1 was, however, severely retarded from birth and showed optic atrophy without retinal changes, and no progeria. Case 2 also showed no retinal changes and no progeria. Equally debatable is the classification of the four cases, two of whom were siblings, described by Hallervorden (1950) , and that of Horanyi- Hechst and Meyer (1939) The presence of neuropathological signs of ageing in the brain, other than the vasopathy-that is, excessive collagen in the meninges and excess of lipofuscin in many neurones-has been reported by Moossy (1967) . Some minimal excess of collagen formation in the meninges was also observed in the present case but there was no excess of neuronal lipofuscin. Senile plaques and neurofibrillary tangles -other changes associated with ageing-were also absent in the present case.
In a recently studied case, Dr. V. Dubowitz (verbal communication) found segmental demyelination in a biopsy of a peripheral nerve. On the basis of this finding and some previously published statements by earlier authors he suggested that Cockayne's syndrome may be a form of leucodystrophy. There was no evidence of leucodystrophy, however, in either of the two cases examined in our laboratory or in the previously published descriptions by Beyme (1946) or Moossy (1967) . The case reported by Norman and Tingey (1966) as one of leucodystrophy was not, for reasons already mentioned, quite typical for Cockayne's syndrome.
We are greatly indebted to Dr. L. D. Longson and Dr. L. Phillips whose case notes were used in preparing this report.
